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(54) Method and apparatus for monitoring blind fastener setting 



(57) There is provided a method of monitoring the 
setting operation for a blind fastener comprising the step 
of measuring, as a function of time (T), an electronic sig- 
nal indicative of the load (P) being applied to the fastener 
during the setting operation and, from which, determin- 
ing a mandrel entry (P e ) load and associated mandrel 
entry time (TJ from this measured signal and an asso- 
ciated setting time (TJ, subsequently determining the 
time difference between the mandrel entry time (Tg) and 
the setting time (Tg) and comparing this time difference 
against a predetermined reference time difference as- 
sociated with that particular fastener type to determine 
whether the set fastener complies with predetermined 
acceptable setting procedures. 
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Description 

[0001] The present invention relates to an improved 
method and apparatus which is capable of monitoring 
the application and setting of blind fasteners. More par- 
ticularly, the present invention is directed towards appa- 
ratus for monitoring the sequential application and set- 
ting of such blind fasteners. 

[0002] Conventional blind fasteners, such as blind riv- 
ets, comprise an outer tubular shell having an enlarged 
flange at one end, together with a mandrel associated 
therewith, such mandrel comprising a cylindrical stem 
extending through the tubular body so as to be co-axial 
therewith and the stem being coupled with a remote end 
of the body, usually by having a radially enlarged head 
at one end for engagement with an end-face (tail end) 
of the rivet body remote from the enlarged flange. The 
blind rivet is passed through a preformed hole in a work- 
piece until the flange engages with the edge of the hole 
and is held in engagement therewith during a setting op- 
eration. During setting, the remote end of the rivet, which 
is disposed inwardly of the workpiece (the blind side), is 
then compressed towards the flange by drawing the 
mandrel stem, and hence the mandrel head, back to- 
wards the flange, whereby the deformed portion of the 
rivet body compresses the workpiece therebetween 
with the flange. Conventionally, many mechanical as- 
semblies use blind rivets to secure one or more compo- 
nents together in a permanent construction. Blind fas- 
teners are preferred where the operator cannot see or 
access the blind side of the workpiece - for instance 
where the rivet is used to secure a secondary compo- 
nent to a hollow boxed section. Blind rivets are also pre- 
ferred where a high volume of assemblies are being pro- 
duced as there are advantages to be gained from in- 
creased assembly speeds and productivity compared 
with, say, threaded or bolted joints. 
[0003] However, one of the disadvantages of a blind 
rivet setting is that the blind side of the set rivet is often 
inaccessible and therefore cannot be visually inspected 
to determine a correctly completed joint. Additionally, 
even if visual inspection was possible, for rivet setting 
operations utilising a plurality of blind rivets of different 
sizes for insertion in different sized holes, a visual in- 
spection may also fail to identify if an incorrectly sized 
rivet has been used in a particular hole diameter. Alter- 
natively, in automated blind rivet setting procedures it is 
also possible that a blind rivet may not be set at all during 
a particular automated cycle or may be "free sef in air 
remote from any workpiece. A secondary operation of 
visually or manually inspecting an assembly following a 
preset automated blind rivet setting operation would in- 
troduce an additional manufacturing step and associat- 
ed expense into the manufacturing procedure. 
[0004] To address such problems, automated blind 
rivet setting monitoring operations have been devel- 
oped which effectively measure the force applied to the 
rivet mandrel during a cyclic fastener setting operation. 



For example, the applicant's earlier European Patent 
No. EP0 738 8551 measures the load applied to the 
mandrel stem during the rivet setting operation against 
the displacement of the piston assembly within the rivet 

5 setting tool, and analysing the results of such measure- 
ments against pre-determined settings to determine 
whether the set rivet falls within acceptable parameters 
and can be considered as a "good" set. This disclosure 
further discusses the benefits of analysing the velocity 

10 of the piston displacement compared to the applied load 
to also compare against pre-determined values. 
[0005] A second patent in the name of the Applicant, 
EP 738 550 discloses a similar means of analysing the 
setting operation of a blind rivet but in this case meas- 

15 ures the setting force against displacement of a gripping 
mechanism of the rivet setting tool so as to analyse the 
total energy employed during the rivet setting operation, 
and to compare with pre-determined values to deter- 
mine whether or not the set blind rivet falls within ac- 

20 ceptable parameters. 

[0006] Whilst both the aforementioned analysis tech- 
niques provide a very thorough and effective means of 
determining the quality of a set blind rivet, both employ 
complex analytical techniques in order to determine the 

25 quality of the setting operation, usually by monitoring 
step by step, almost continuously, the resulting load/ 
pressure-displacement curve, requiring complex soft- 
ware to effect such analysis adding considerable cost 
to the rivet setting equipment. Additionally, since the 

30 analysis techniques are relatively complex, such tech- 
niques do not lend themselves to a high degree of flex- 
ibility in readily adapting the apparatus to analyse the 
setting operation for different types and sizes of blind 
rivet, particularly where different fasteners are used se- 
as quentially. * 
[0007] A more simplified rivet setting monitoring proc- 
ess is also disclosed in German Patent Specification 
DE4217901 (Honsel) which simply measures the dis- 
placement force exerted by the setting tool against the 

40 displacement of the piston of the setting tool, and from 
analysis of such results determining if a set rivet is within 
acceptable parameters. However, the drawbacks of ail 
existing blind rivet monitoring processes is the necessity 
to use at least two transducers to not only measure the 

45 force applied to the rivet during the setting operation but 
to also measure a manual displacement of at least one 
piston of the rivet setting apparatus. In addition, none of 
the prior art has addressed the possibility of adapting 
such monitoring equipment to deal with large scale rivet 

50 setting operations utilising a plurality of rivets and/or riv- 
ets of different size and shapes. Prior art devices are 
limited to analysis of one type of blind rivet only at any 
one time. 

[0008] Despite the various complex and expensive 
55 blind fastener monitoring systems currently available, a 
need has been further identified to provide a simplistic 
and inexpensive device and procedure to monitor the 
operation of a blind fastener setting tool in order to iden- 
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tify, and specifically provide an appropriate visual or au- 
dible warning of, the occurrence of a "free set" fastener 
setting operation in which a rivet may be set remote from 
the workpiece. 

[0009] It is therefore an object of the present invention 
to provide a simplified method of monitoring the setting 
operation of such blind fasteners and a blind fastener 
setting system employing such method which alleviates 
the aforementioned problems in a cost effective manner 
and which has greater flexibility in its application to au- 
tomated fastener setting operations. 
[0010] According to the present invention there is pro- 
vided a method of monitoring the setting operation for a 
blind fastener, comprising the steps of measuring, as a 
function of time, an electronic signal indicative of the 
load being applied to the fastener, and more specifically 
the load applied to the mandrel, during the setting oper- 
ation, from such signal determining a mandrel entry load 
and an associated mandrel entry time; further determin- 
ing mandrel break point or a setting load (mandrel break 
point load) and an associated mandrel break point time 
or setting time; subsequently, determining the time dif- 
ference between the mandrel entry time and the man- 
drel break point/setting time and comparing this time dif- 
ference against a pre-determined reference time differ- 
ence value associated with the fastener to determine 
whetherthe setfastener complies with a pre-determined 
acceptable setting procedure. 
[001 1 ] Preferably, the method will also determine the 
difference between the mandrel break point or setting 
load and the mandrel entry load and compare this dif- 
ference in load against a pre-determined reference load 
difference value to again determine whether this set fas- 
tener complies with pre-determined acceptable setting 
procedure. 

[001 2] I n the event that the set fastener is determined 
to not comply with the pre-determined fastener setting 
procedure due to either or both of the load difference or 
the time difference being incompatible with the pre-de- 
termined difference values, then an output signal will be 
generated, which itself will either be audible or visual, 
so as to notify a user of a potential difficulty with the fas- 
tener setting procedure being monitored. 
[0013] Preferably, this method will further comprise 
the step of analysing the difference between the deter- 
mined time difference and the reference time difference 
when the fastener set is determined not to comply with 
the pre-determined fastener setting procedure, whereby 
such analysis will be used to identify the reason for non- 
compliance, usually by determining whether the differ- 
ence is greater than or less than the pre-determined dif- 
ference values which is indicative of certain known fail- 
ure criteria. 

[0014] In one preferred embodiment of the present in- 
vention, the predetermined reference time difference 
may be determined as the time difference between man- 
drel entry time and mandrel setting time of a blind fas- 
tener set in a known workpiece, and the step of compar- 



ing the measured time difference against the predeter- 
mined reference time difference comprising identifying 
whether or not the measured time difference is greater 
than the reference time difference by a predetermined 
5 value indicative of a free set operation and generating 
a reject signal in the event that such free set operation 
is detected. 

[0015] Additionally, the method may further comprise 
the step of determining a minimum load value after the 

10 mandrel entry load is determined, which minimum load 
value having an associated minimum load time, subse- 
quently comparing the at least one of the minimum load 
value or the minimum load time against a pre-deter- 
mined minimum load value or pre-determined minimum 

is load time to identify the reason for non compliance, 
again by determining whetherthe variation between the 
measured value and the pre-determined value is greater 
or less than, with such results indicative of certain known 
failure criteria. 

20 [0016] Preferably, the method will further comprise 
the step of visually displaying a graphic plot of monitored 
load applied to the mandrel against time to aid visual 
interpretation of the setting procedure. 
[0017] The method of the present invention is further 

25 applicable to a method of monitoring a series of setting 
operations for at least two different blind fasteners, com- 
prising the step of pre-determining the sequence of blind 
fasteners to be set in the series and monitoring the set- 
ting operation of each of the fasteners in the series ac- 

30 cording to the method described above, wherein the 
pre-determined reference time and the predetermined 
reference mandrel load associated with each of the at 
least two different blind fasteners is pre-set against each 
of the setting operations for that particular fastener in 

35 the series. Specifically, the method employs the use cf 
undertaking a series of monitoring procedures as previ- 
ously described, whereby each monitoring procedure 
will be dependent on the pre-determined characteristics 
of the fastener being set which will be pre-set to an ap- 

40 propriate monitoring system. This specifically allows for 
the method to determine if the incorrect fastener is set 
out of sequence since its determined values will not 
comply with those pre-set for a different type of fastener. 
[0018] Usually, the pre-determined reference load 

45 values associated with each of at least two different 
blind fasteners will also be pre-set against each of the 
setting operations for that fastener in the series. 
[0019] Preferably, the pre-determined reference time 
is determined by undertaking a plurality of setting oper- 

50 ations for the selected fastener type, preferably in the 
component being assembled, measuring a signal indic- 
ative of the load being applied to the fastener during the 
setting operation, as a function of time, from which sig- 
nal measurements the mandrel entry load and associ- 

55 ated mandrel entry time may be determined together 
with a setting load (mandrel break load) and associated 
mandrel break or setting times for each of the plurality 
of operations, following which the determined values of 
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mandrel entry load, mandrel entry time, mandrel break 
or setting load and mandrel break or setting time for the 
plurality of operations are then averaged and from such 
averaged values the time difference between the aver- 
age mandrel entry time and the average setting (man- 
drel break) time are calculated to provide this pre-deter- 
mined reference time difference. Similarly, the pre-de- 
termined reference load can also be calculated by av- 
eraging the mandrel entry load and the mandrel break 
or setting load and determining the difference therebe- 
tween as the reference load value. 
[0020] Alternatively, the pre-determined reference 
time may be determined by again undertaking a plurality 
of setting operations for each selected fastener type and 
for each of the plurality of operations, preferably in the 
component being assembled, determining the time dif- 
ference between the mandrel entry time and the man- 
drel break or setting time and then simply averaging the 
determined values of these time differences for the plu- 
rality of operations to provide the pre-determined refer- 
ence time. In both situations, the pre-determined values 
against which each subsequent operation is to be com- 
pared to determine whether or not the fastener setting 
procedure is acceptable, may be achieved through a 
self learning process and by measuring the operation 
and setting of the fasteners in situ and thus each pre- 
determined reference time or reference load can be cal- 
culated dependent on the exact situation in which the 
fasteners are to be employed. Again, the pre-deter- 
mined reference load difference may alternatively be 
calculated by measuring the difference between the 
mandrel entry load and the (or mandrel break) setting 
load for each of said plurality of operations, and averag- 
ing these load differences to obtain a reference load val- 
ue difference. 

[0021] Usually, where the method is applicable to 
monitoring a series of setting operations, these multiple 
setting operations may be undertaken by a plurality of 
different setting tools wherein an electronic signal indic- 
ative of applied load to the mandrel is generated by each 
setting tool during a setting operation by that tool and 
each electronic signal is analysed sequentially accord- 
ing to the pre-determined order of setting of blind fas- 
teners. Here the pre-programming of the series of set- 
ting operations not only allocates the order of fasteners 
to be set but also which setting tool is to set those fas- 
teners and in which particular order, and which pre-de- 
termined values are to be applied to the monitoring op- 
eration for each setting operation. 
[0022] The method as previously described, may be 
further used to determine wear on a set of jaws of a fas- 
tener setting tool by comparing the mandrel entry time 
against a pre-determined mandrel entry time. Here, if 
the fastener setting tool jaws are subject to wear then 
they may slip when engaging a mandrel stem of the fas- 
tener thus delaying the fastener setting cycle load being 
applied such that the mandrel entry load will be delayed 
to account for the slipping. This will allow the operator 



to monitor the performance of the components of the 
setting tool, but the effect of slippage will not affect the 
monitoring operation of the setting procedure itself 
since, once the mandrel is correctly gripped, such slip- 
5 page will not affect the time between mandrel entry and 
mandrel setting. 

[0023] Further according to the present invention 
there is also provided a blind fastener setting system 
comprising a fastener setting tool, a signal generating 

10 device for producing a signal indicative of the load being 
applied via the mandrel to a blind fastener during a set- 
ting operation, and a signal processor for measuring this 
signal as a function of time and performing the monitor- 
ing method for the setting operation as described above. 

15 Usually, the system may comprise a plurality of setting 
tools, each tool having an associated signal generating 
device and controlled by said system to be operated in 
a pre-determined sequence. 

[0024] It is also preferable that the system will com- 
20 prise an automated fastener feed system for supplying 
blind fasteners to the or each setting tool in a pre-deter- 
mined sequence. 

[0025] It is usual that the fastener setting tool will com- 
prise a fluid actuated piston for applying load to the fas- 

25 tener whereby the signal generating device may com- 
prise a pressure transducer for measuring the pressure 
applied to the piston as indicative of the load applied to 
the fastener. The applied load could, alternatively be de- 
termined by a number of alternative methods and asso- 

30 ciated devices including load cells, strain gauges or, 
more particularly, piezo-electric load measuring devic- 
es. The signal processor of the system may itself com- 
prise a visual display for plotting the signal output versus 
time, either by way of a hard copy plot (such as a printer) 

35 or by a visual display or computer screen. The system 
may also comprise an indicator means, which could in- 
clude the visual display discussed above, which indica- 
tor means being actuated in response to the output sig- 
nal generated by the measuring method discussed 

40 above to indicate non compliance of the rivet setting pro- 
cedure. 

[0026] A preferred embodiment of the present inven- 
tion will now be described, by way of example only, with 
reference to the accompanying illustrative drawings in 
45 which: 

Figure 1 is a schematic cross section of a blind rivet 
setting system according to the present invention; 
Figure 1 a is a schematic cross section view of an 
so alternative blind rivet setting system according to 
the present invention; 

Figure 1 b is an enlarged schematic view of the front 
end of the blind rivet setting tool of Figure 1 a; 
Figure 2 shows a co-ordinate graph illustrating a 
55 load versus time waveform for a blind rivet setting 
operation, with load measured along the X axis and 
time being measured along the Y axis; and 
Figure 2a illustrates the graph of Figure 2 with the 
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load time curve removed and illustrating the appli- 
cation of tolerance band areas to predetermined 
reference values of the load/time curve of a setting 
operation; and 

Figure 3 shows a similar co-ordinate graph to that 
shown in Figure 2, illustrating examples of incorrect 
setting waveforms. 

[0027] Referring now to Figure 1 , a conventional blind 
rivet setting tool is schematically illustrated. A blind rivet 
setting system (10) comprises a rivet setting tool (12) 
for setting a blind rivet (14) a hydraulic intensifier (16) 
and system control circuit shown schematically as (1 8). 
The intensifier (1 6) may be any one of a number of con- 
ventional such intensifiers commonly used within the art 
but may simply be considered as a fluid pressure source 
for controllably applying pressure to the setting tool (12) 
by means of hydraulic fluid transferred via a fluid con- 
nection pipe (22). Often, intensifiers (1 6) of this type em- 
ploy a pressure source, such as pressurised air applied 
to a cylinder, to compress a hydraulic oil or fluid to trans- 
fer fluid pressure to the setting tool. The fluid contained 
in the intensifier (1 6) may be considered to be in contin- 
uous fluid communication, through pipe (22), with the 
rivet setting tool (12). 

[0028] The tool (12) comprises an elongated body 
generally illustrated as (42) which may be of any of sev- 
eral constructions but is preferably shown here provided 
with a handle (44). A trigger switch (46) which actuates 
to the tool (12) is fitted in the handle (44) in a conven- 
tional manner and is operatively associated with a valve 
(48). 

[0029] The elongated body (42) includes an elongat- 
ed housing (50), which housing (50) includes a mandrel- 
t passing aperture (52) defined in a front end (41). 
[0030] I n this embodiment, the housing (50) is sub di- 
vided internally into a front chamber (54) and a hydraulic 
cylinder chamber (56), wherein the elongated body (42) 
further includes an axialiy movable pulling shaft (58) 
provided along its longitudinally extending axis. It will be 
understood that the construction of the housing (50) is 
only one of a significant number of variations, where the 
only essential feature being that it provides support for 
the pulling shaft (58) and for a means of axialiy moving 
this shaft (58). 

[0031 ] A jaw assembly (60) is operatively associated 
with the front end (41 ) of the pulling shaft (58). The jaw 
assembly (60) includes a jaw cage (62) having an inter- 
nal bevelled wedging surface (64) that defines an inter- 
nal bore (66). An array of split jaws (68) are movabfy 
provided within the cage (62). When the outer surfaces 
of the split jaw (68) act against the bevel surfaces (64), 
the jaws (68) engage and grip an elongated stem (70) 
of a mandrel (72) of a blind rivet (14). The mandrel (72) 
also includes a mandrel head (74). The mandrel (72) 
comprises the head forming in component of the rivet 
(14) as is known in the art. The rivet (14) includes a tu- 
bular deformable sleeve (76). A variety of methods may 



be employed to manipulate the jaw assembly (60) to 
grasp and hold the stem (70) of the mandrel (72), but 
the method described hereafter is merely illustrative and 
is not limiting on the invention. 
5 [0032] A pusher (78) is fixed to the forward end of a 
pusher rod (80), which itself is housed within a central 
through bore defined in the pulling shaft (58). The push- 
er rod (80) is axialiy movable within this through bore 
and is biased, at this rear end, against the back wall of 
io the hydraulic cylinder chamber (56) by a spring (84). A 
weaker spring (86) acts between the same wall and the 
rear end of the pulling shaft (58). 
[0033] A piston (88) is fixed to the pulling shaft (58) 
and is capable of axial motion in both forwards and rear- 
's wards direction within the hydraulic cylinder chamber 
(56). The hydraulic intensifier (16) forces a pressurised 
fluid (not shown) through the pipe (22) into the cylinder 
chamber (56) on the forwards side of the piston (88) 
through a pressurised fluid port (90) into a pressurisable 
20 side (92) of the hydraulic cylinder chamber (56). By in- 
troducing a pressurised fluid into the flu id- tight chamber 
defined within the pressurisable side (92) the piston (88) 
is forced to move rearwardry (from left to right as viewed 
in Figure 1 ), causing the jaw members (68) to clamp and 
25 apply a setting force to the mandrel stem (70) eventually 
causing it to break away from the mandrel head (74) as 
will be described below. 

[0034] The tool (12) is fluidly connected with the re- 
mote intensifier (16) through the pipe (22). Provided in 

30 operative association with the intensifier (1 6) is a pres- 
sure transducer (99). In the current embodiment this 
transducer is shown disposed within the hydraulic cyl- 
inder chamber (56). Since the purpose of the hydraulic 
transducer is to measure the hydraulic fluid pressure ap- 

35 plisd to piston (88), this transducer (99) may be dis- 
placed anywhere that is in fluid communication with the 
intensifier and piston (88), including an output chamber 
of the intensifier (16) (not shown) or even in communi- 
cation with the pipe (22). For convenience, in the current 

40 embodiment it is shown within the setting tool itself. The 
transducer (99) simply serves to measure hydraulic fluid 
pressure applied to the piston (88) and provide an elec- 
trical output signal indicative of the pressure detected. 
The transducer (99) may be selected from a variety of 

45 types and is adapted to sense the amount of hydraulic 
pressure applied to the pulling head (12) during the rivet 
setting process and produces an output signal (P) relat- 
ed to this pressure. The system control circuit (18) will 
not be described in any great detail herein but employ 

so an appropriate conditioning circuit for receiving the out- 
put signal from the pressure transducer (99) and con- 
verting analogue signal to a digital signal, which will also 
be passed through an appropriate amplifier circuit (not 
shown) which monitors the signal throughout the rivet- 

55 jng cycle, preferably sampling the transducer circuit at 
one millisecond increments over a total time of one sec- 
ond. 

[0035] The name "blind rivets" is derived from the fact 
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that such rivets are installed from only one side of a 
workpiece or application, the primary side the blind rivet 
(14) includes the tubular rivet sleeve (76) having a 
flange (122) at its rear end as shown in Figure 1 . The 
mandrel (72) has a stem (70) that passes through the 
tubular rivet body or sleeve (76) and has an enlarged 
mandrel head (74) formed at one end thereof. Although 
not shown, the mandrel stem is provided with a weak- 
ened portion which has a pre-determined breakpoint 
which will break when a sufficient load is applied. This 
is conventional within the field of blind rivet setting and 
need not be discussed in any great detail herein. The 
rivet (14) is loaded within the setting tool (1 2) as shown 
in Figure 1 and then introduced into a hole passing 
through an appropriate workpiece (not shown) such that 
the mandrel head and forward end of the sleeve (76) 
project through to the "blind side" of the workpiece. The 
mandrel stem (70) is then clamped between the split 
jaws (68) and is pulled by the setting tool (12). As the 
pulling shaft (58) is forced rearwardly (left to right) by 
fluid pressure being introduced into the hydraulic cylin- 
der chamber (56) so as to displace the piston (88) 
against the resistance of the weakest spring (86), the 
pusher rod (80), biased against the stronger spring (84), 
resists this rearward movement causing the pusher (78) 
to act against the rear of the split jaw (68) pushing them 
into and against the tapered internal bevelled wedging 
surface (64) causing the jaws to grip to the mandrel stem 
(70). Once the stem is gripped, the split jaw (68) are fully 
lodged between the surface (64) and the mandrel stem 
(70), the pusher rod (80) moves rearwardly with the pull- 
ing shaft (58), the biasing force of the strongest springs 
(84) now having been overcome. As the jaw assembly 
(60) is carried rearwardly by movement of the pulling 
shaft (58) (resulting from an increase in pressure in the 
chamber (56)) the head (74) of the rivet (1 4) is drawn 
into and enters the sleeve (76) as is conventional for 
setting of such blind rivets. This is denoted as the "man- 
drel entry point" and is the point at which the sleeve (76) 
begins to deform as the enlarged mandrel head is drawn 
therein. The pressure or load being exerted at this stage 
is referred to as the mandrel entry load. As the mandrel 
(72) continues to be pulled, the rivet sleeve (76) is de- 
formed up to the secondary or blind side of the work- 
piece being clamped and this deformed part of the 
sleeve (76) acts as secondary clamping element, 
whereas the flange (122) becomes the primary clamp 
element such that the workpieces are clamped therebe- 
tween. It is this combination of the secondary and pri- 
mary clamp elements that hold two or more parts of an 
application or workpiece together. 
[0036] Continued rearward movement of the jaw as- 
sembly (60) by movement of the pulling shaft (58), pulls 
the head (74) into the sleeve (76) causing maximum de- 
formation. Once the head (74) reaches the secondary 
side, it is restrained from further axial displacement and 
the mandrel (72) therefore breaks at the neck portion 
previously described, the force being applied at break- 



point being referred to as the maximum setting force (or 
load), wherein the secondary clamp element is now cre- 
ated by the combination of the now detached head (74) 
being retained within the deformed sleeve (76). Thefluid 

5 pressure within the chamber (56) is then released by 
releasing the setting tool trigger (46) and effecting ap- 
propriate control and displacement of the hydraulic in- 
tensifier (16), whereby both the pulling shaft (58) and 
the pusher rod (80) are restored to their pre-engaged 

10 positions by the biasing forces of the springs (84 and 
86). With the force of the jaws (68) removed, the jaws 
(68) are relaxed to their pre-engaged positions and the 
stem (70) is released and discarded. The tool (12) is 
then ready to repeat this rivet setting cycle. 

is [0037] In practice, once the rivet (14) has been insert- 
ed into the tool (12), the trigger switch (46) is actuated 
and initiates, via a control line (81 ), an appropriate elec- 
tronic clock (not shown) within the control circuit (18), 
and which circuit (18) simultaneously activates the hy- 

20 draulic intensifier (1 6) which provides a progressive in- 
crease in the fluid pressure through pipe (22) to cham- 
ber (56). The transducer (99) detects the increase in flu- 
id pressure within chamber (56) and transmits an appro- 
priate signal (via control line (83)) back to the control 

25 circuit (18) which, as previously described, monitors 
therefore the pressure within chamber (56) as a function 
of time. The measurements detected by the control cir- 
cuit (1 8) are now graphically represented in Figure 2 as 
a plot of pressure (P) against time (T). Since the piston 

30 size remains constant, the measured value of P is di- 
rectly proportional to the force or load applied to the 
mandrel (72). 

[0038] Initially, the intensifier (16) increases the vol- 
ume of fluid being transferred into the chamber (56). 

3s However, since thr piston p!ate (88) is restrained from 
displacement by virtue of the engagement of the jaws 
(68) with the mandrel stem (70), the pressure within this 
chamber (56) also increases lineally as indicated by re- 
gion 102 of the graph in Figure 2. The actual force (or 

40 load) being exerted on the mandrel stem (70) of the 
mandrel (72) is directly proportional to the increase in 
pressure since the area of the piston (88) remains con- 
stant. Resistance to displacement of the mandrel (72) 
is effected by engagement of the mandrel head (74) with 

45 the free end of the rivet body (76). However, as pressure 
continues to increase and thus the force exerted on the 
mandrel stem increases, eventually the mandrel head 
(74) will be drawn into the rivet body (76), as is conven- 
tional, resulting in a associated displacement of the 

so mandrel (72), from left to right as viewed in Figure 1 , 
and corresponding displacement of the piston plate (88) 
creating in an increase in volume of chamber (56). 
[0039] This is clearly represented on the pressure/ 
time graph as a gradual increase of pressure (102) with 

55 time (corresponding to resultant increase in load on the 
mandrel stem) until sufficient load is supplied to the 
mandrel to effect the mandrel head (74) to overcome 
the resistance of the rivet body (76) and be drawn there- 
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in. This mandrel entry load (P e ) is defined by the initial 
pressure (load) peak necessary to force the mandrel 
head into the rivet body. As the mandrel head (74) con- 
tinues to be drawn into the body (76), thereby deforming 
it on the blind side of the workpiece, this subsequent 
displacement is associated with a reduction of resist- 
ance on the mandrel head (74) and results in a decrease 
in pressure (103) (and therefore force) being applied to 
the rivet (14). Subsequently, the deformed rivet body 
(76) engages with the blind side of the workpiece re- 
straining it from further mechanical deformation and 
thus preventing continued axial displacement of the rivet 
head (74). It is well understood that once the mandrel 
head has started to enter the rivet body the resistance 
to displacement of the mandrel head is significantly re- 
duced and thus a lower load or force is sufficient to con- 
tinue this deformation. This decrease in pressure and 
associated load on the mandrel reaches a minimum val- 
ue indicated as P m occurring at a time T m on the curve 
as shown in Figure 2. Further, since the rate of the de- 
formation of the rivet body is greater than the subse- 
quent (constant) increase in fluid volume being trans- 
ferred to the chamber (56), the resultant pressure in the 
chamber (56) decreases at this stage. However, once 
the deformed rivet body (76) engages with the blind side 
of the workpiece pressure begins to increase again 
(104) as the volume of the chamber is prevented from 
further increase. 

[0040] Since the intensifier (1 6) continues to increase 
the fluid volume entering the chamber (56), again the 
pressure increases, resulting from the piston (88) again 
being restrained from further displacement. This second 
pressure increase is shown generally as (1 04) in Figure 
2 and represents a corresponding increase in the force 
being trancmitted through the jaws (68) to the mandrel 
stem (70). Eventually, the force applied to the mandrel 
stem (70) will result in breakage of the mandrel stem at 
a pre-defined neck portion (again as is conventional) 
when an appropriate maximum load is achieved. This 
breakage results in the resistance to displacement of the 
piston (88) being removed, causing the piston (88) to 
thereby move, under the pressure in the chamber (56), 
rapidly from left to right resulting in a rapid pressure drop 
(1 06) as seen in Figure2. The point at which the mandrel 
stem breaks is known as the maximum setting load of 
the rivet (14) and is achieved with a maximum setting 
pressure P s occurring at time T s as indicated in Figure 2. 
[0041] Since the increase in pressure/load is meas- 
ured as a function of time of the setting operation, it is 
thus possible to determine both the mandrel entry time 
(T e ) and mandrel break point or setting time (T s ), either 
from direct measurement of this Pressure/time curve or 
by appropriate determination of the associated maxi- 
mum pressure values P e and P s through mathematical 
analysis of the received data to identify which measure- 
ment from the transducer (99) corresponds to such max- 
imum pressure values and, since the pressure values 
are sampled every millisecond, the corresponding time 



measurement is easily derived. 
[0042] Figure 2 represents an optimum blind rivet set- 
ting operation, producing a good rivet set, with an ap- 
propriate deformation of the rivet body to clamp the 
5 workpiece between the deformed section and the rivet 
body flange. 

[0043] Thus from determination of the values of T s 
and T e either through measurement from the resultant 
plot or by mathematical analysis of the measured signal, 

10 it is then possible to calculate the time difference be- 
tween T s and T e which is indicative of the acceptability 
of the rivet setting procedure. Since the pressure from 
the intensifier (16) is applied at a constant rate for all 
rivet setting operations, then the corresponding time dif- 

15 ference between T s and T e for a particular size rivet 
used in particular workpiece arrangement should be 
constant. Thus by comparing the measured value of this 
time difference against a pre-determined reference time 
value and determination that the measured value falls 

20 within a certain tolerance band of a pre-determined val- 
ue then this is taken as indicative that the rivet setting 
operation has been carried out effectively and provides 
confidence that the rivet has been correctly set. 
[0044] Furthermore, whilst the preferred embodiment 

25 described above and shown with reference to Figure 1 
requires the measurement of pressure applied to the 
piston of the setting tool in order to calculate an appro- 
priate force and hence load being applied to the mandrel 
(72) of the blind rivet (1 4), it will be appreciated that the 

30 invention is equally applicable to alternative means and 
methods for measuring such load. For example, load 
cells or strain gauges could be employed to directly 
measure the load being applied to the mandrel (72). 
However, in an alternative, modified setting tool design, 

35 as shown in Figure 1a, a piezo-elcrtrio thin film load in- 
dicating device (such as a piezo-elcciric transducer or 
generator) can be utilised to directly measure the load 
applied to the blind rivet during the setting operation. 
Referring now to Figure 1a there is shown a modified 

40 blind rivet setting tool (210). This modified setting tool 
of Figure 1 a corresponds subsequently to the rivet set- 
ting tool (1 0) shown in Figure 1 which the exception that 
its front end is provided with a modified load measuring 
device (212). Here the same reference numbers are uti- 

45 Hsed in Figure 1 a to identify identical parts of the setting 
tool (21 0) to those shown in the setting tool (1 0) of Figure 
1 . However, the front end of the elongated body (42), in 
the region of the setting tool jaw assembly, (68), is pro- 
vided with an additional slot (214) (Figure 1b which ex- 

50 tends through the diameter of the body (42) to leave a 
supporting bridge (216) connecting the body (42) to a 
remote end face (21 8) which engages and supports the 
rivet body flange (1 22). This supporting bridge (21 6) and 
end face (21 8) creates a cantilever which has mounted 

55 on its outwardly d irected or front face (220) a p iezo-elec- 
tric thin film load indicating device (222) which is bonded 
by chemical bonding means such as an epoxy two part 
adhesive or a cyano-acryalate single part adhesive to 
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be securely mounted thereon. A protective pad (224) is 
further bonded to the outer surface of the piezo-electric 
thin film load indicating device which protects the thin 
film load indicating device from mechanical damage by 
engagement with the rivet flange (122). 
[0045] The rivet mandrel stem (70) passes through a 
central co-axial aperture in the cantilevered end face 
(218), which aperture also extends co-axialiy through 
the piezo-electric device and the protective pad, so as 
to be engaged by the setting jaws (68) of the tool (21 0). 
In this manner, it will be appreciated that the only signif- 
icant difference in the mechanical structure of this set- 
ting tool compared to the setting tool (1 0) of Figure 1 is 
that the end face is now cantilevered as opposed to be- 
ing rigidly supported on the elongate body (42). 
[0046] As the load is applied to the stem (70) of the 
mandrel, this load will be transmitted, via the mandrel 
head (74) and through the rivet body (76) to the front 
face (218) which will, in turn, cause the front cantilever 
face (218) to bend about the supporting bridge (216) 
whereby the higher the applied load then the cantilever 
will bend to a greater extent. It will also be appreciated 
that since this outer face of the cantilever is bending, 
the surface is in tension and, accordingly, this tendency 
for increase in length will also apply to the securely 
bonded piezo-electric device. The increase in tension in 
the piezo-electric device is related directly to the amount 
of strain induced into the cantilever and is thus convert- 
ed directly to a low electrical voltage that can be re- 
ceived by the system control circuit (1 8) via appropriate 
wires (83a). In the setting tool (21 0) of Figure 1 a both a 
pressure transducer (99) (as previously described) and 
a piezo-electric load indicating device are used. How- 
ever it will be appreciated that either can be used to 
measure the load being applied to the mandrel stem. 
[0047] The resultant electric signal from the piezo- 
electric load indicating device (222) can then be ana- 
lysed by the control circuit in a conventional manner to 
provide a direct output indicative of load being applied 
to the mandrel stem (72). As such, the measured output 
of the piezo-electric thin film load indicating device will 
directly reflect the load applied to the mandrel stem (72) 
during the rivet setting operation. As such, all foregoing 
and subsequent discussions within this specification 
discussing the measurement of a pressure-time curve 
are equally applicable to analysis of a strain/time curve 
whereby strain measured by the piezo-electric device 
(222) is plotted against time and instead of the meas- 
ured peaks and troughs of pressure measured during 
the rivet setting operation of the tool of Figure 1 here the 
peaks and troughs of the strain or load applied directly 
to the mandrel are analysed against time in a similar 
manner. 

[0048] However, as discussed earlier blind rivets are 
used in situation where the operator is often unable to 
see the blind side or interior part of the workpiece and 
is thus unable to visually confirm the acceptability of the 
set fastener. However, it is well understood that such 



blind fasteners may be incorrectly set during the setting 
operation for a variety of reasons which will be dis- 
cussed later and thus it is recognised as being important 
to be able to verify the acceptability of the set fastener. 

5 This is especially relevant where a number of blind rivets 
are to be used for securing together a particular series 
of workpieces (such as completing a hollow box) and 
that a variety of different sized blind rivets may be re- 
quired varying in both diameter and or length. 

w [0049] In particular, if a blind rivet is employed wherein 
the rivet body length is too short, then insufficient defor- 
mation of the rivet body will be achieved during the set- 
ting operation to form a sufficiently large deformed por- 
tion to ensure a good joint. It is quite usual that that man- 
's drel head will not be sufficiently drawn into the rivet body 
itself before the maximum setting load is achieved. The 
corresponding pressure time curve for an incorrectly set 
rivet having a body length insufficient for the workpiece 
thickness is shown as Plot 110 in Figure 3 whereby once 

20 mandrel entry pressure (P e ) is achieved, the mandrel 
head (74) is initially drawn into the rivet body (76) as 
previously described but the initially deformed portion of 
the shell (76) then engages the rear of the workpiece 
very quickly and before the mandrel head (74) is cor- 

25 rectly drawn into the entirety of the rivet body (76). This 
"early" engagement restrains further displacement of 
the piston (88) which is reflected by a subsequent in- 
crease in pressure until the maximum setting pressure 
P s is achieved. This results in the associated maximum 

30 setting time T s1 of curve 1 1 0 being lower than the opti- 
mum setting time T s as shown in Figure 2. In addition, 
since the degree of displacement of the mandrel head 
into the rivet body is significantly decreased then the re- 
sultant drop in pressure in the chamber (56) is also se- 

35 verely curtailed as reflected in the pressure/time c. rve 
(110) only undergoing a relatively small pressure de 
crease following the mandrel entry pressure P e to P m1 
with an associated shorter time T m1 as clearly shown in 
Figure 3. If the rivet body length is sufficiently short, it is 

40 possible that there will be no or neglible pressure drop 
following the entry pressure (P^ measurement. 
[0050] Alternatively, the rivet body being employed 
may be too long for the particular workpieces being con- 
nected. In this situation, the pressure again increases 

45 within the setting tool (1 2) as previously described up to 
the mandrel entry pressure, wherein the mandrel head 
is then drawn into the rivet body. However, in this situa- 
tion the amount of displacement of the mandrel head 
(74) into the rivet body is significantly greater than that 

50 for the optimum rivet set procedure (as discussed with 
reference to Figure 2). Thus the piston (88) is displaced 
to a greater degree than that for the optimum rivet set- 
ting procedure, resulting in a decrease in pressure over 
a longer period of time until the mandrel head is resisted, 

55 eventually, by the rear of the workpiece. The associated 
pressure time curve for a rivet body (76) which is greater 
than that recognised as optimum for a particular thick- 
ness of workpiece is shown as Plot 120 in Figure 3. 
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Again once, continued displacement of the rivet mandrel 
head (74) is resisted by the rear of the workpiece and 
again resultant resistant to displacement of the piston 
(88) is reflected by an increase in pressure until the max- 
imum setting pressure P s is again achieved, but here it 
is clearly seen that P s is achieved at a maximum setting 
time significantly greater than the optimum setting 
time (T s ) shown for the optimum rivet in Figure 2. 
[0051] The pressure/time curve 120 shown in Figure 
3 would also be reflective of "free setting" of this type of 
blind rivet whereby the setting tool (1 2) is actuated with 
the rivet held remote from any workpieces. Here the 
mandrel head (74) would simply serve to deform the riv- 
et body (76) until it was resisted by the deformed portion 
(76) engaging with the rivet flange (122). 
[0052] A third type of incorrect rivet setting operation 
is achieved whereby the diameter of the preformed 
holes in the workpieces into which the blind rivet is in- 
serted is too great. This could result in "pull through" 
whereby the blind rivet, is of insufficient size for the de- 
formed portion of the rivet body (after setting) to engage 
with the sides of the preformed hole and thus the de- 
formed portion is simply able to be pulled through the 
hole in the workpiece. In this situation, the rear of the 
workpiece would thus be unable to stop continued dis- 
placement of the mandrel head during setting and the 
mandrel head will abut the region of the flange (122) of 
the host and break resulting in a long time to set and 
again a similar curve to that shown as 120 would be 
achieved. However, alternatively, the preformed hole 
may be of sufficient diameter for it to prevent "pull 
through" of the deformed region of the rivet body (76) 
but could allow the mandrel head (74) to be partially 
drawn through the rivet body (76) so as to lie partially 
within the preformed holes. In this situation, P!ct 130 
(Figure 3) would be determined by the pressure/time 
measurement, whereby following achievement of the 
mandrel entry pressure (PJ, the mandrel head will be 
drawn into the rivet body as for the optimum rivet setting 
procedure shown in Figure 2. However, instead of con- 
tinued displacement of the mandrel head (74) being pre- 
vented by eventual engagement with the rear of the 
workpiece, it will be partially restricted as it partially en- 
ters the preformed holes resulting in the piston (88) be- 
ing "slowed" (as compared to the optimum setting pro- 
cedure) until it eventually stops at a position represent- 
ative of a greater chamber (56) volume than that that 
would be considered ideal. This is reflected in the pres- 
sure curve 130 being less steep as it increases towards 
the maximum pressure setting P s as the distinction here 
is a gradual "slowing" of the piston displacement (88) as 
opposed to it being stopped by resistance of the rear of 
the workpiece. Again, for pressure curve 1 30 the maxi- 
mum setting time T^ is again greater than that of the 
optimum setting procedure. 

[0053] The current monitoring system for a rivet set- 
ting tool provides for a very simplistic operation for de- 
termining the quality of the setting of the blind rivet. In 



particular, the system control circuit (18) and software 
employs appropriate algorithms to detect the two inflec- 
tion points indicative of the entry pressure and the max- 
imum setting pressure P e and P s respectively from the 

5 detected pressure within chamber (56) (by means of the 
pressure transducer (99)), which pressure measure- 
ments are indicative of the setting force applied to the 
blind rivet (14) (due to the constant area of piston (88)) 
and since the application of the pressure is determined 

10 as a function of time, it is possible to determine the man- 
drel entry time (T e ) and maximum setting time (T s ) of 
the rivet operation for a constant applied pressure 
achieved by use of the appropriate intensifier (1 6). The 
system is then able to determine the difference between 

'5 the mandrel entry time (T e ) and the maximum setting 
time (Tg) to measure a setting time which is considered 
as a time difference between the mandrel entry time and 
the maximum setting time and which is indicative of the 
quality of the setting procedure for the rivet. This meas- 

20 ured value can then be compared, by the control circuit 
(18) through appropriate software applications with a 
pre-determined acceptable value (pre-determined ref- 
erence time) and if the measured value falls within an 
acceptable tolerance band as compared to the optimum 

25 pre-determined value (reference time), the rivet setting 
procedure will be considered as acceptable. Conven- 
tional electronic circuits and micro-processors allow the 
measurement and analysis of this type of signal to be 
undertaken in a number of ways and the software used 

30 to analyse such signals is readily written and is not con- 
sidered to form part of the current invention. If required, 
as a secondary check procedure, the measured differ- 
ences between the setting pressure (PJ and the man- 
drel entry pressure (PJ could also be determined and 

35 compared against a pre-determined reference load or 
pressure and again, if found to fall within an acceptable 
tolerance band, again the rivet setting procedure is con- 
sidered to have passed and will be determined accept- 
able and indicative of a good set. However, in the event 

40 that the determined setting time falls outside of the ac- 
cepted tolerance band, the control circuit (18) will then 
send an appropriate output signal to a visual indicator 
(21 ) to provide a visual (or alternatively audible) warning 
to the operator that a particular rivet setting procedure 

45 is determined unacceptable. 

[0054] The pre-determined values (reference time 
and/or reference load) against which the measured 
times and, if appropriate loads/pressure, are compared 
may be entered into the control circuit by an operator for 

so a particular rivet type (dependent on size, length and 
rivet body thickness and/or workpiece thickness) or, al- 
ternatively, the system may be set up to automatical ly 
set such pre-determined values dependent on the exact 
working situation. Here the control circuit (1 8) will com- 

55 prise an appropriate microprocessor based data-manip- 
ulation system which can be programmed with an ap- 
propriate algorithm to manipulate and process data from 
the pressure transducer to compare pressure with time 
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and calculate appropriate pre-determined values from 
measured values of acceptable rivet setting procedu res. 
[0055] The simplistic nature of this improved monitor- 
ing procedure provides further flexibility in its applica- 
tion, enabling determination as to whether or not a rivet 5 
has been "free set" as distinct from being set within the 
appropriate workpiece. Again with reference to Figure 
2, it is understood that where a rivet is "free set" then 
the maximum setting time (curve 120) will be signif- 
icantly greater than the equivalent rivet being set in the 10 
appropriate workpiece. Subsequently the measured 
setting time difference (T^. T e ) will be greater than the 
optimum rivet setting time (T s . T e ) for that particular riv- 
et. Thus by again analysing the setting time of each op- 
eration of the rivet setting tool, by comparison of the *5 
measured setting time (T^. T e ) against a predeter- 
mined time difference, (which in this case will be the op- 
timum setting time of (T s . TJ) the system will be capable 
of determining that the measured time difference is 
greater than the optimum time difference (and any de- 20 
termined tolerance band) so as to indicate that the set- 
ting operation was unacceptable and/or to determine 
that the rivet has been, in fact, "free set". This is of par- 
ticular advantage where an operation requires a set 
number of rivets to be inserted to ensure an optimum 25 
connection of two workpieces. The reject signal gener- 
ated as a result of determining a "free set" condition 
could be used to generate an audible or visual warning. 
[0056] In particular, it has been determined amongst 
users of these types of blind fastener, that it is highly 30 
desirable to provide a simplistic and inexpensive meth- 
od of detecting potentially damaging "free set" situa- 
tions, particularly during sequential rivet setting opera- 
tions. Thus the above system and procedure can be 
adapted to either exclusively, or in combination with the 35 
conventional rivet setting monitoring operation dis- 
cussed above, be used to monitor operation of the rivet 
setting tool to detect the occurrence of "free set" oper- 
ations and generate an appropriate signal as a result 
thereof. 40 
[0057] I n an alternative embodiment of this invention, 
a "free set" setting time value (T^ . TJ could be pre- 
determined and used as a reference time difference 
measurement to compare a measured setting time dif- 
ference during the rivet setting procedure and, in the 45 
event that the measured time difference equates to the 
pre-set "free set" time difference (and an appropriate tol- 
erance band value either side of that value) then the 
control circuit could be pre-programmed to generate a 
reject signal only in the event that a "free set" situation so 
is thus determined. 

[0058] Furthermore, the system may undergo a set- 
up procedure for a particular workpiece thickness and 
rivet type. Here an initial test procedure may be initiated 
for a pre-determined number of holes, whereby the 55 
transducer (99) is monitored so as to determine the 
mandrel pressure entry (PJ values and the setting pres- 
sure (Pg) values and associated entry times (T e ) and 
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maximum setting time (T s ) values for this pre-deter- 
mined number of setting procedures from which an av- 
eraged set of values of P e P s T e and T s can be obtained 

SP e =( P e1+Pe2 + - • Pen)'" 
SP 8 = ( P s1+Ps2 + - -PsnVn: 

*T. = (T.i+T l2 + T^yn 

where n = number of test settings, 
and from these values an averaged time difference (6T S 
- 6T e ) can be calculated as well as an average pressure 
differential (SP S - 6P e ). These averaged values of time 
difference and pressure/load difference can then be au- 
tomatically set by the control system as the pre-deter- 
mined reference time and reference load values respec- 
tively. 

[0059] Alternatively, such T s - T e and P s - P e values 
can be calculated for each test procedure and the sub- 
sequent differences for each procedure can then sub- 
sequently be averaged to determine the pre-determined 
acceptable reference time and reference load. Appro- 
priate tolerance bands can then be applied for the afore- 
mentioned calculations when monitoring the rivet set- 
ting procedure in a manufacturing capacity. It will be ap- 
preciated that whilst pre-set reference values can be al- 
located to a particular type of rivet, the exact perform- 
ance of setting of such rivets v/i I! be^dependent on the * * j 
workpiece thickness, pre-formed hole diameter, the 
pressure rate increase of the hydraulic intensifier and 
other variables and thus will be dependent on external 
parameters and whilst such external parameters may 
be compensated for by appropriate tolerance bands ap- 
plied to "textbook" preset values, the above system pro- 
vides the advantage of allowing the system and proce- 
dure to be harmonised with the exact working environ- 
ment and appropriate tooling for each particular job. 
[0060] It will be appreciated from the foregoing dis- 
cussion that the major points of interest on the resulting 
pressure/time curve are determined where there is a 
change of direction of the graph itself representative of 
appropriate peaks or troughs within the load curve. The 
measurement of such inflection points can be readily 
achieved by a number of manners but notably by calcu- 
lating when the rate of change or first derivative of the 
curve equals zero. These three identified positions 
where the rate of change is zero define the mandrel en- 
try point, the minimum load and the mandrel break load 
as previously described. One conventional mechanism 
for measuring such derivatives would be to take appro- 
priate pressure measurements at dedicated time inter- 
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vals (for example at millisecond intervals) and simply 
calculated the first derivative until a zero value is 
achieved. Alternatively, such zero values rate of change 
can be readily ascertained by simply noting a change 
between increasing or decreasing load. 5 
[0061] However, once it is identified that there are 
three specific regions of such load/time curves which 
are of major significance to the application of the method 
according to the present invention (ie. position equating 
to rate of change equal to zero), the system can be fur- 10 
ther refined so as to on ty undertake measurement of the 
load in the region of such identified positions. One meth- 
od of achieving such a controlled measurement proce- 
dure is undertaken by defining an appropriate tolerance 
band area around each desired value. This can be is 
achieved, for example, when undertaking the appropri- 
ate set-up testing procedures to determine the average 
values of P e T e P m T m P s and and then allocating 
an appropriate tolerance band plus or minus each of 
these average values to define the appropriate area 20 
around the averaged entry load, minimum load and 
mandrel break load (A^ A m and As respectively). Alter- 
natively, these areas A e , A^ and A3 could be defined by 
the minimum and maximum measured values of the ap- 
propriate mandrel entry load, minimum load and man- 25 
drel break load and associated times accordingly. These 
areas are clearly shown in Figure 2a. 
[0062] In operation, the control system (1 8) is then in- 
structed to scan only when atime appropriateto the min- 
imum elapsed time for each of the entry load measure- 30 
ments, minimum load measurements and setting load 
measurements has been reached and to then determine 
the measured load and time values when the rate of 
change is calculated as zero. This obviates the need to 
continuously monitor the setting operation but to allow 35 
the appropriate measurements to be taken when the 
rate of change to the appropriate positions is zero. 
[0063] Whilst the preferred embodiment discussed 
above simply utilises an electronic control circuit (18) 
(usually in the form of a micro-processor system or other 40 
computer control system) to determine and compare the 
appropriate P s P e T s and T e values, and compare them 
against pre-determined values, it is also possible that 
the control circuitry could compare the entire setting 
curve and compare pressure or load with time over the 
entire setting operation. It is also possible that output 
(21 ) could be a graphical representation of the pressure 
time curve either as a hard copy print-out or alternatively 
a computer display module. This would provide a par- 
ticular advantage of allowing the operator to understand so 
why a rivet setting operation may be deemed to have 
failed in the event that the measured values do not cor- 
respond with the pre-determined acceptable reference 
values. 

[0064] As previously described, and with reference to ss 
Figure 3, where the rivet setting operation differs from 
the optimum procedure due to the wrong size rivets be- 
ing used or the pre-formed hole being too great, it is 



clearly seen that the T s value between plots occurs 110, 
1 20 and 1 30 will vary from the optimum time difference 
achieved for an acceptable rivet setting procedure 
shown in Figure 2. Thus if the operator is able to visually 
compare the pressure/time curve against the optimum 
pressure time curve he will be able to determine why the 
operation failed and to take the necessary steps to rem- 
edy the problem to prevent it happening again and to 
enable correct repair of the rivet setting operation. This 
information may also be indicative to the operator of a 
problem with the workpiece eg, in the event of the cor- 
rect rivet being used yet the pressure/time plot indicates 
that the setting procedure has failed as a result of the 
rivet being too short (Plot 110) or too long (Plot 120), 
this may indicate that the workpiece is of incorrect thick- 
ness. Thus the system and method employed herein 
provides an additional benefit of an active feedback to 
a user in the event that problems in the setting operation 
are determined. 

[0065] For example, once the system has indicated 
that a particular setting operation does not comply with 
the pre-determined reference values, the operator may 
then determine whether the measured time difference 
during the setting operation is less than or greater than 
the pre-determined reference time. In the event that the 
measured time difference is greater than the pre-deter- 
mined reference time, then with reference to Figure 3 it 
will be a clear indication that non compliance has been 
detected due to the pressure/time curve following either 
plot 120 or 130. Alternatively, if the measured time dif- 
ference between T s and T e is less than the pre-deter- 
mined reference time then it is likely that the pressure 
time curve has followed plot 110 indicative of the rivet 
body having an insufficient rivet length. Here, the oper- 
ator or the apparatus itself may determine the P m or T^ 
values to also determine the exact reason for non com- 
pliance during the monitoring procedure. Again, the con- 
trol circuit (1 8) can be pre-programmed with appropriate 
algorithms to not only detect a non compliance situation 
but to also provide an indication by an output signal, as 
to the reason why non compliance was determined. This 
will have particular benefit whereby the blind side of the 
set rivet cannot be visually inspected. For example, if a 
blind rivet is set which is of insufficient length to have 
created a adequate deformed portion on its blind side, 
visual inspection will not reveal this particular problem 
and the deformation may be sufficient that the operator 
cannot determine that the rivet is incorrectly set but, dur- 
ing use of the particular workpiece the rivet then may be 
worked loose and result in catastrophic failure. Thus the 
current monitoring system can alleviate this potential 
hazard by providing a warning of an incorrectly set blind 
rivet. 

[0066] Furthermore, another advantage of the current 
invention is that the control system may be used to 
record a manufacturing history log for the particular rivet 
setting tool. This is particularly advantageous in auto- 
mated riveting procedures whereby the automated ap- 
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paratus may be programmed so as to apply a set 
number of rivets in a set sequence. In particular, auto- 
mated rivet setting systems are well known including the 
applicant's automated POINT & SET (TradeMark) auto- 
mated riveting system (as discussed in European Pat- 5 
ent Publication No's: EPO 995 519 and EPO 995 518 
amongst others) whereby delivery of the rivet into the 
rivet setting tool (12) is automated. This is provided by 
way of example only to establish that there are numer- 
ous ways of automatically inserting this type of blind rivet 10 
into this type of setting tool. Automated systems also 
provide for allowing different size rivets to be inserted 
into the same rivet setting tool (provided the mandrel 
diameters are constant), by simple use of computerised 
control means, the selectively feed rivets from different 15 
rivet hoppers. Thus it is important in such automated 
systems to ensure that the correct rivet has been set in 
the correct sequential order to have confidence in the 
integrity of the workpiece fastened by such rivets. Here, 
each automated job run will cause the operator to pre- 20 
programme the automated riveting system to deliver a 
set number of rivets in particular sequence whereby the 
rivet sizes may vary between setting operations in a pre- 
determined order to fix different size/thickness work- 
pieces (for example). The same time as establishing the 25 
order of the rivets, the monitoring system can also be 
pre-programmed with the appropriate pre-determined 
reference values, as previously discussed, for that rivet 
in the particular sequence. Thus at each rivet setting 
stage, the system will undertake a rivet setting monitor- 30 
ing procedure as previously discussed utilising the ap- 
propriate pre-determined reference values. Thus the 
system not only serves to monitor that each rivet setting 
procedure meets acceptable performance tolerances, 
but will also identify that the correct rivet has been set 35 
at the correct stage of the setting sequence. It will be 
appreciated that in the event that the incorrect rivet size 
is set at a particular stage, then the pre-determined ref- 
erence values allocated to that particular rivet setting 
operation will not correspond to the measured force or *o 
time values for the rivet that is actually set during that 
operation. The system will then indicate a non-compli- 
ance situation, ie. that a particular rivet setting operation 
is considered to have failed, and the operator will also 
be able to determine, from the measurement history and 
appropriate plot, why a non-compliance error has result- 
ed. 

[0067] In the event that no rivet has been received in 
the rivet tool and the rivet setting operation is com- 
menced, again the resultant load/pressure measure- so 
ments with time will clearly identify the problem since it 
will basically result in a linear increase in pressure with 
time. Detection of T e and T s values (or their absence) 
can identify firstly, that the measured time difference 
does not comply with the pre-determined reference val- 55 
ue and thus indicate an error, and secondly, analysis of 
the linear increase in the pressure/ time curve will indi- 
cate that the error is due to a rivet being missing during 



that setting operation. 

[0068] The fastener monitoring system and method 
are equally appltcableto multi rivet (or fastener) tool sys- 
tems where instead of using one rivet tool to receive a 
plurality of different types and sizes of blind rivets for 
setting those different types in pre-defined sequence, 
the equipment could utilise a series of rivet tools each 
one having associated a particular size or type of rivet, 
and the control system programmed to utilise the correct 
rivet setting tool when the rivet type associated with that 
tool is required in a particular desired sequence, in this 
event, the computer control system is simply pre-pro- 
grammed with the correct order for the rivet setting op- 
eration to employ the correct head in the correct se- 
quence. Each rivet setting tool will be provided with an 
appropriate pressure transducer, as previously de- 
scribed, to provide an appropriate signal for analysis by 
a central processing unit of the control circuit, again as 
previously described, whereby a signal received from 
each transducer will be analysed with respect to the pre- 
determined reference values for the rivets being applied 
by that particular rivet setting tool. 
[0069] It its simplest form, the present invention will 
simply be used to provide an output signal in the event 
that the measured time difference between the mandrel 
entry time and the maximum setting time is deemed un- 
acceptable when compared to a pre-determined refer- 
ence time, and which output signal will provide a visual 
(eg. a red light) or audible (alarm) signal to the operator 
to indicate that there has been a problem with the rivet 
setting operation. The operator will then be free to de- 
cide what action to take in response to the identification 
of an incorrect rivet setting operation. 
[0070] The system could further comprise an override 
option allowing ihc system to be reset and the operator 
to carry on setting rivets once the bad set has been rec- 
tified. 

[0071] The system could also be adapted to provide 
a secondary output signal in the event that an accepta- 
ble rivet setting operation is detected, such as to activate 
a second light source, such as a green light, to indicate 
that the rivet setting procedure is acceptable. These out- 
put signals could also be relied on to provide a counting 
operation to ensure that the correct number of rivets are 
applied during any particular job, whereby an operator 
would enter commencement of a job requiring a pre-de- 
termined number of rivets to be set for a particular work- 
piece, and monitor that the correct number of rivets are 
set before allowing the operator to progress to a new 
job. This rivet counting operation could also be automat- 
ed to monitor the rivet volumes within a particular work- 
place and to automate the re-ordering procedure of such 
rivets and thus improve efficiency in stock control of 
these rivet component parts. 

[0072] The major advantage of this type of system is 
that it is entirely flexible once it has collected the initial 
data. It can provide complete assurance that every rivet 
has been set correctly by comparing a measured setting 
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profile against an optimum operational profile (which it- 
self can be pre-determined by analysis of that particular 
rivettype in its required work setting). It can also provide 
information that all rivets have been set in the correct 
holes and to the correct grip thickness. It also provides 5 
the opportunity to monitor the number of rivets set and 
also tell if rivet has been free-set. 
[0073] A further significant advantage of the present 
invention is that the system can be adapted to monitor 
the performance of the rivet setting tool itself. During op- 10 
timum performance, the jaws of such setting tool (68) 
are configured so as to provide a very secure and firm 
grip on the mandrel stem (70) during operation. Howev- 
er, repeated use of the jaws and the large pressures 
transferred by the jaws to the mandrel stems during op- is 
eration will result in wear of these jaws. Such wear ulti- 
mately results in slippage whereby when the jaws first 
engage with the mandrel stem and a pulling force is ap- 
plied the jaws may "slip" on the mandrel stem before 
managing to obtain a sufficient grip to correctly transfer 20 
a setting load. It will be appreciated that the measure- 
ment method now employed will not be effected by any 
initial slippage since whilst the effect of slippage will re- 
sult in an increased value of T e (mandrel entry time) on 
the pressure/time curve, it will have no subsequent ef- 25 
feet on the time difference between the entry time and 
the setting time. However, by again pre-determining an 
acceptable entry time (again by evaluating an average 
mandrel entry time for a known set of rivets) the system 
is also able to monitor this parameter and in the event 30 
that the entry time for any particular setting operation 
exceeds the tolerance band associated with the opti- 
mum pre-determined mandrel entry time, then the sys- 
tem can indicate jaw slippage by an appropriate output 
signal allowing the operator to replace or repairthe jaws 35 
where appropriate. 

[0074] Whilst this preferred embodiment discusses 
the application of the monitoring method and system for 
use with conventional blind rivets (1 4), as described with 
reference to Figure 1 , the system is equally applicable 40 
to other types of blind rivets and other blind fasteners. 
Other types of blind rivets, different to those shown, in- 
clude peel-type blind rivets whereby instead of simply 
deforming the rivet shell (76), it is split into a series of 
"legs" which engage with the rear of the workpiece. Al- 45 
tentatively, the system is equally applicable to closed- 
end blind rivets whereby the mandrel head is actually 
retained within a closed-cup rivet body wherein the ma- 
jority of the length of the rivet body has an internal di- 
ameter less than the diameter to the head. In both these so 
type of blind rivets the system is applicable without any 
modifications, since the mandrel head achieves the 
same function of being drawn into the main body of the 
cylindrical rivet to deform it into engagement with the 
rear of the workpiece. 55 
[0075] This method is also applicable to other types 
of blind fasteners, such as blind rivet nuts (such as those 
sold by the applicant under the Trademark POP NUT) 



or other type of substantially tubular fastener which re- 
sults in their remote end (blind end) being deformed into 
engagement with the rear surface of a workpiece. For 
example, instead of a mandrel head engaging with the 
exterior surface of the tubular body to deform it, the man- 
drel stem could be held in screw threaded engagement 
with the remote end to effect similar deformation of this 
blind side of the rivet into engagement with workpiece. 
Again, the setting of all such tubular bodies in this man- 
ner follow a similar load/time curve to that discussed 
with reference to conventional blind rivets, requiring an 
appropriate setting load or setting pressure to be estab- 
lished before deformation of the tubular body as 
achieved. Again, the system of the current invention is 
equally applicable. 

[0076] For clarity, it is to be appreciated that where 
the term "fastener" or "rivet" is used within this Patent 
Specification it is intended to cover all blind fasteners 
having a substantially tubular body whereby its blind end 
is deformed into contact with the rear surface of a work- 
piece resulting from a load being transferred to this blind 
end by an appropriate mandrel engaging with the free 
end to achieve such deformation. Furthermore, it is to 
be appreciated that whilst the preferred embodiment 
discusses measuring pressure against time, the exact 
force or load being applied to the fastener is readily cal- 
culable and directly proportional to such pressure. Thus, 
the monitoring technique is considered to be achieved 
by monitoring the load or pressure applied to the man- 
drel by the rivet setting tool against time, either by de- 
termination of the pressure or the exact load being ap- 
plied. 



Claims 

1. A method of monitoring the setting operation for a 
blind fastener, comprising the step of: 

measuring, as a function of time, an electronic 
signal indicative of the load being applied to the 
fastener during the setting operation; 
determining a mandrel entry load and an asso- 
ciated mandrel entry time from said signal; 
determining a setting load and an associated 
setting time from said signal; 
determining the time difference between said 
mandrel entry time and said setting time and 
comparing said time difference against a pre- 
determined reference time difference associat- 
ed with said fastener to determine whether the 
set fastener complies with a predetermined ac- 
ceptable setting procedure. 

2. The method as claimed in claim 1 wherein the dif- 
ference between the setting load and the mandrel 
entry load is determined and compared against a 
predetermined reference load difference value to 
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determine whether said set fastener complies with 
a predetermined acceptable setting procedure. 

3. The method as claimed in either of the preceding 
claims wherein an output signal is generated in the 5 
event that said fastener set is determined not to 
comply with said predetermined acceptable fasten- 
er setting procedure. 

4. The method as claimed in any one of said preceding io 
claims, comprising the step of analysing the differ- 
ence between the determined time difference and 

the reference time difference when said fastener set 
is determined not to comply with said predeter- 
mined fastener setting procedure to identify the rea- 15 
son for non-compliance. 

5. The method as claimed in any one of the preceding 
claims wherein the predetermined reference time 
difference is determined as the time difference be- 20 
tween mandrel entry time and mandrel setting time 

of a blind fastener set in a known workpiece, and 
said step of comparing the measured time differ- 
ence against said predetermined reference time dif- 
ference comprising identifying whether or not said 2s 
measured time difference is greater than said ref- 
erence time difference by a predetermined value in- 
dicative of a free set operation and generating a re- 
ject signal in the event that such free set operation 
is detected. 30 

6. The method as claimed in claim 5 further compris- 
ing determining a minimum load value after said 
mandrel entry load is determined and an associated 
minimum load time and comparing at least one of 35 
said minimum load value or minimum load time 
against a predetermined minimum load value or 
predetermined minimum load time to identify the 
reason for non-compliance. 

40 

7. The method as claimed in any one of the preceding 
claims further comprising the step of visually dis- 
playing a graphic plot of monitored load applied to 
the rivet against time. 

45 

8. A method of monitoring a series of setting opera- 
tions for a at leasttwo different blind fasteners, com- 
prising the step of: 

predetermining the sequence of blind fasteners so 
to be set in said series and monitoring the set- 
ting operation of each of said fasteners in said 
series according to the method of any one of 
claims 1 to 6, wherein the predetermined refer- 
ence time associated with each of the at least 55 
two different blind fasteners is preset against 
each of the setting operations for that particular 
fastener in said series. 



9. The method as claimed in claim 8 when appended 
to claim 2 wherein the predetermined reference 
load value associated with each of the at least two 
different blind fasteners is preset against each of 
the setting operations for that fastener in said se- 
ries. 

10. The method as claimed in any one of the preceding 
claims wherein said predetermined reference time 
is determined by undertaking a plurality of setting 
operations for said selected fastener type, measur- 
ing a signal, which is indicative of the load being 
applied to the fastener during the setting operation, 
as a function of time; 

determining a mandrel entry load and an as- 
sociated mandrel entry time from said signal for 
each of said plurality of operations; 

determining a setting load and an associated 
setting time from said signal for each of said plurality 
of operations; 

averaging said determined values of mandrel 
entry load, mandrel entry time, setting load and 
maximum setting time for said plurality of opera- 
tions, and calculating said time difference between 
said averaged mandrel entry time and said aver- 
aged setting time to provide said predetermined ref- 
erence time difference. 

11 . The method as claimed in any one of claims 1 to 9 
wherein said predetermined reference time is de- 
termined by undertaking a plurality of setting oper- 
ations for said selected fastener type, measuring a 
signal, which is indicative of the load being applied 
to the fastener during the setting operation, as a 
function of time; 

determining a mandrel entry load and an as- 
sociated mandrel entry time from said signal for 
each of said plurality of operations; 

determining a setting load and an associated 
setting time from said signal for each of said plurality 
of operations; 

determining the time difference between said 
mandrel entry time and said setting time; 

averaging the determined values of said time 
differences for said plurality of operations to provide 
said predetermined reference time difference. 

12. The method as claimed in claim 8 or any one of 
claims 9 to 11 when appended to claim 8 wherein 
said multiple setting operations are undertaken by 
a plurality of different setting tools wherein an elec- 
tronic signal indicative of applied load is generated 
by each setting tool during a setting operation and 
each electronic signal is analysed sequentially ac- 
cording to the predetermined order of setting of said 
blind fasteners. 

1 3. The method as claimed in any one of the preceding 
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claims further comprising comparing said meas- 
ured mandrel entry time against a predetermined 
mandrel entry time to determine wear of a set of 
jaws of a fastener setting tool. 

5 

14. A blind rivet setting system comprising: 

a fastener setting tool; 

a signal generating device for producing a sig- 
nal indicative of the load being applied to a blind 10 
fastener during a setting operation; 
a signal processor for measuring said signal as 
a function of time and performing the method 
according to any one of the preceding claims. 

15 

15. A system as claimed in claim 14, when appended 
to claim 12, comprising a plurality of setting tools, 
each tool having an associated signal generating 
device. 

20 

16. A system as claimed in either claim 14 or claim 15 
further comprising an automated fastener feed sys- 
tem for supplying blind fastener to said setting tool. 

1 7. A system as claimed in claim 1 6 wherein said auto- 25 
mated fastener feed system is capable of delivering 

at least two different blind fastener. 

18. A system as claimed in any one of claims 14 to 17 
wherein said fastener setting tool comprises a fluid 30 
actuated piston for applying load to said fastener 
and said signal generating device comprises a 
pressure transducer. 

19. A system as claimed in any one of claims 14 tc 18 35 
wherein said signal processor comprises a visual 
display for plotting the signal output versus time. 

20. A system as claimed in any one of claims 14 to 19 
when appended to claim 3, further comprising an 40 
indicator means which is actuated in response to 
said output signal. 

21 . A method of monitoring the setting operation for a 
blind fastener substantially as herein described with 45 
reference to the accompanying drawings. 

22. A blind fastener setting system substantially as 
herein described with reference to the accompany- 
ing drawings. so 
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